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CAPTURE VERIFICATION USING AN EVOKED 
RESPONSE REFERENCE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to implant 
able medical devices and, more particularly, to verifying 
capture of the heart following the delivery of a pace pulse. 

BACKGROUND OF THE INVENTION 

[0002] When functioning normally, the heart produces 
rhythmic contractions and is capable of pumping blood 
throughout the body. HoWever, due to disease or injury, the 
heart rhythm may become irregular resulting in diminished 
blood circulation. Arrhythmia is a general term used to 
describe heart rhythm irregularities arising from a variety of 
physical conditions and disease processes. Cardiac rhythm 
management systems, such as implantable pacemakers and 
cardiac de?brillators, have been used as an effective treat 
ment for patients With serious arrhythmias. These systems 
typically comprise circuitry to sense electrical signals from 
the heart and a pulse generator for delivering electrical 
stimulation pulses to the heart. Leads extending into the 
patient’s heart are connected to electrodes that contact the 
myocardium for sensing the heart’s electrical signals and for 
delivering stimulation pulses to the heart in accordance With 
various therapies for treating the arrhythmias. 

[0003] Cardiac rhythm management systems operate to 
stimulate the heart tissue adjacent to the electrodes to 
produce a contraction of the tissue. Pacemakers are cardiac 
rhythm management systems that deliver a series of loW 
energy pace pulses timed to assist the heart in producing a 
contractile rhythm that maintains cardiac pumping ef? 
ciency. Pace pulses may be intermittent or continuous, 
depending on the needs of the patient. There exist a number 
of categories of pacemaker devices, With various modes for 
sensing and pacing one or more heart chambers. 

[0004] When a pace pulse produces a contractile response 
in heart tissue, the contractile response is typically referred 
to as capture, and the electrical cardiac signal corresponding 
to capture is denoted the evoked response. Superimposed 
With the evoked response may be a pacing artifact signal 
including, for example, the signal associated With post pace 
residual polariZation. The magnitude of the pacing artifact 
signal may be affected by a variety of factors including lead 
polariZation, after potential from the pace pulse, lead imped 
ance, patient impedance, pace pulse Width, and pace pulse 
amplitude, for example. 

[0005] A pace pulse must exceed a minimum energy 
value, or capture threshold, to produce a contraction. It is 
desirable for a pace pulse to have suf?cient energy to 
stimulate capture of the heart Without expending energy 
signi?cantly in excess of the capture threshold. Thus, accu 
rate determination of the capture threshold is required for 
ef?cient pace energy management. If the pace pulse energy 
is too loW, the pace pulses may not reliably produce a 
contractile response in the heart resulting in ineffective 
pacing. If the pace pulse energy is too high, the result may 
be patient discomfort as Well as shorter battery life. 

[0006] Capture detection alloWs the cardiac rhythm man 
agement system to adjust the energy level of pace pulses to 
correspond to the optimum energy expenditure that reliably 
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produces a contraction. Further, capture detection alloWs the 
cardiac rhythm management system to initiate a back-up 
pulse at a higher energy level Whenever a pace pulse does 
not produce a contraction. 

[0007] A fusion beat is a cardiac contraction that occurs 
When tWo intrinsic cardiac depolariZations of a particular 
chamber, but from separate initiation sites, merge. When the 
heart is being paced, a fusion beat may occur When an 
intrinsic cardiac depolariZation of a particular chamber 
merges With a pacer output pulse Within that chamber. 
Fusion beats, as seen on electrocardiographic recordings, 
exhibit various morphologies. The merging depolariZations 
of a fusion beat do not contribute evenly to the total 
depolariZation. 
[0008] Pseudofusion occurs When a pacer output pulse 
artifact is superimposed upon a spontaneous P Wave during 
atrial pacing, or upon a spontaneous QRS complex during 
ventricular pacing. In pseudofusion, the pacing stimulus is 
ineffective because the tissue around the electrode has 
already spontaneously depolariZed and is in its refractory 
period. 
[0009] During normal pacing, the presence of fusion and 
pseudofusion beats may be of little consequence except for 
Wasted energy due to the generation of unnecessary pace 
pulses. HoWever, detection of fusion and pseudofusion beats 
may be required during an automatic capture or threshold 
determination procedures. Fusion and pseudofusion beats 
may cause false detection of capture and may lead to 
erroneous capture threshold values. 

[0010] Capture may be veri?ed by detecting if a cardiac 
signal folloWing a pace pulse indicates an evoked response. 
HoWever, the evoked response must be discerned from the 
superimposed post pace residual polariZation, denoted 
herein as a pacing artifact. In addition, fusion or pseudofu 
sion beats may further obscure evidence of capture. It is 
desirable to detect the evoked response and thereby verify 
capture so that an effective pace pulse energy may be chosen 
and appropriate back up pacing delivered. For the reasons 
stated above, and for other reasons stated beloW Which Will 
become apparent to those skilled in the art upon reading the 
present speci?cation, there is a need in the art for a method 
and device that reliably and accurately detects capture in a 
patient’s heart by sensing an evoked response in the pres 
ence of the post pace residual polariZation and possible 
fusion or pseudofusion beats. There exists a further need for 
such an approach that is adaptive and accommodates 
changes in the patient’s capture threshold over time. The 
present invention ful?lls these and other needs. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to a method and 
device for verifying capture in the heart by comparing an 
evoked cardiac response With an evoked response reference. 
In accordance With one embodiment of the present inven 
tion, one or more pacing artifact templates are provided that 
characteriZe a pacing artifact signal associated With various 
pace voltage levels. An evoked response reference is deter 
mined. A cardiac signal is sensed folloWing a pace pulse and 
a particular pacing artifact template is canceled from the 
cardiac signal. Capture is determined by comparing the 
pacing artifact canceled cardiac signal and the evoked 
response reference. 
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[0012] Another embodiment of the invention involves a 
method for detecting a fusion/pseudofusion cardiac beat. 
According to this embodiment, a captured response template 
is provided. The fusion/pseudofusion beat is detected by 
comparing a sensed cardiac signal to the captured response 
template. 
[0013] Yet another embodiment of the invention involves 
a medical device for detecting capture in a patient’s heart. 
The medical device includes a lead system extending into 
the heart including electrodes for stimulating and/or sensing 
the heart. Pulse generator circuitry is coupled to the lead 
system and is con?gured generate pulses to stimulate the 
heart. Sensing circuitry is coupled to the lead system and is 
con?gured to sense cardiac signals transmitted through the 
lead electrodes. A control system controls operation of the 
device, including the pulse generator circuitry and the sens 
ing circuitry. A capture detection system is coupled to the 
sensing circuitry and the control system. The capture detec 
tion system is con?gured to provide a pacing artifact tem 
plate associated With a post pace signal and to determine an 
evoked response reference indicative of capture of the heart. 
The capture detection system cancels the pacing artifact 
template from cardiac signals sensed folloWing a pulse, and 
detects capture of the heart by comparing the pacing artifact 
canceled cardiac signals and the evoked response reference. 

[0014] A further embodiment of the invention involves a 
medical device for detection fusion/pseudofusion beats. The 
medical device includes a lead system comprising electrodes 
and extending into the heart. Pulse generator circuitry is 
coupled to the lead system and is con?gured generate pulses 
to stimulate the heart. Sensing circuitry is couple to the lead 
system and is con?gured to sense cardiac signals transmitted 
through the lead electrodes. Acontrol system controls opera 
tion of the device, including the pulse generator circuitry and 
the sensing circuitry. A fusion/pseudofusion detection sys 
tem and is coupled to the sensing circuitry and the control 
system. The fusion/pseudofusion system is con?gured to 
determine a captured response template and to detect fusion/ 
pseudofusion beats by comparing the sensed cardiac signals 
and the captured response template. 

[0015] In accordance With another embodiment of the 
invention, a system for detecting capture of a patient’s heart 
includes means for providing a pacing artifact template, the 
pacing artifact template characteriZing a pacing artifact 
signal. The system further includes means for providing an 
evoked response reference, the evoked response reference 
indicative of capture of the heart, means for canceling the 
pacing artifact template from a cardiac signal sensed fol 
loWing a pacing pulse, and means for detecting capture of 
the heart by comparing the pacing artifact canceled cardiac 
signal and the evoked response reference. 

[0016] In accordance With yet another embodiment of the 
invention, a system for detecting a fusion/pseudofusion beat 
includes means for determining a captured response tem 
plate, means for sensing a cardiac signal, and means for 
detecting the fusion/pseudofusion beat by comparing the 
sensed cardiac signal and the captured response template. 

[0017] The above summary of the present invention is not 
intended to describe each embodiment or every implemen 
tation of the present invention. Advantages and attainments, 
together With a more complete understanding of the inven 
tion, Will become apparent and appreciated by referring to 
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the folloWing detailed description and claims taken in con 
junction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a partial vieW of one embodiment of an 
implantable medical device With an endocardial lead system 
extending into atrial and ventricular chambers of a heart; 

[0019] FIG. 2 is a block diagram of an implantable 
medical device With Which capture veri?cation and fusion/ 
pseudofusion detection of the present invention may be 
implemented; 
[0020] FIG. 3 is a ?oWchart of a method of detecting 
capture in accordance With an embodiment of the present 
invention; 
[0021] FIG. 4 is a ?oWchart of a method of forming a 
pacing artifact template in accordance With an embodiment 
of the present invention; 

[0022] FIG. 5 is a ?oWchart of a method of predicting a 
pacing artifact template as an exponentially decaying func 
tion in accordance With an embodiment of the present 
invention; 
[0023] FIG. 6 is a graph comparing a predicted pacing 
artifact to a pacing artifact template; 

[0024] FIG. 7 is a ?oWchart of a method of forming an 
evoked response template in accordance With an embodi 
ment of the present invention; 

[0025] FIGS. 8A and 8B are graphs illustrating normal 
iZation of a pacing artifact template in accordance With an 
embodiment of the invention; 

[0026] FIG. 9 is a graph illustrating cancellation of a 
pacing artifact template from a sensed cardiac signal in 
accordance With an embodiment of the invention; 

[0027] FIG. 10 is a ?oWchart of a method of providing a 
peak-to-peak amplitude reference in accordance With an 
embodiment of the present invention; 

[0028] FIGS. 11A and 11B are ?oWcharts illustrating 
methods of detecting capture using an evoked response 
template in accordance With an embodiment of the present 
invention; 
[0029] FIGS. 12A and 12B are ?oWcharts illustrating 
methods of detecting capture using a peak-to-peak ampli 
tude reference in accordance With an embodiment of the 
present invention; 

[0030] FIGS. 13A and 13B are graphs of a captured 
response and a pseudofusion beat, respectively; and 

[0031] FIG. 14 is a ?oWchart of a method of detecting 
fusion/pseudofusion beats in accordance With an embodi 
ment of the invention. 

[0032] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of example in the draWings and Will be 
described in detail beloW. It is to be understood, hoWever, 
that the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the invention is 
intended to cover all modi?cations, equivalents, and alter 
natives falling Within the scope of the invention as de?ned 
by the appended claims. 
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DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

[0033] In the following description of the illustrated 
embodiments, references are made to the accompanying 
drawings forming a part hereof, and in Which are shoWn by 
Way of illustration, various embodiments by Which the 
invention may be practiced. It is to be understood that other 
embodiments may be utiliZed, and structural and functional 
changes may be made Without departing from the scope of 
the present invention. 

[0034] The present invention describes methods and sys 
tems for verifying capture folloWing the application of a 
pace pulse to the heart. In accordance With various aspects 
of the invention, capture veri?cation may be implemented 
by comparing a cardiac signal folloWing the pace pulse to a 
template, or other reference, representative of an evoked 
response. Furthermore, fusion and/or pseudofusion detec 
tion may also be implemented using the principles of the 
invention. 

[0035] By Way of example, the processes of the present 
invention may be used to enhance capture veri?cation and 
determination the optimal energy for pacing. Determination 
of the optimal pacing energy may be implemented, for 
example, by an automatic capture threshold procedure 
executed by an implantable cardiac rhythm management 
system. Additionally, automatic capture veri?cation may be 
used to monitor pacing on a beat-by-beat basis and to control 
back up pacing When a pace pulse delivered to the heart fails 
to evoke a contractile response. These and other applications 
may be enhanced by employment of the systems and meth 
ods of the present invention. 

[0036] Those skilled in the art Will appreciate that refer 
ence to a capture threshold procedure indicates a method of 
measuring the stimulation threshold in either an atrium or a 
ventricle. In such a procedure, the pacemaker, automatically 
or upon command, initiates a search for the capture thresh 
old of the chamber. In one example of an automatic capture 
threshold procedure, the pacemaker automatically decreases 
the pulse amplitude in discrete steps until a predetermined 
number of consecutive loss-of-capture events occur. At that 
point, the pacemaker may increase the stimulation voltage in 
discrete steps until a predetermined number of capture 
events occur to con?rm the capture threshold. Various 
methods of implementing capture threshold procedures are 
knoWn in the art and may be enhanced by the capture 
detection methods of the present invention. 

[0037] Automatic capture threshold determination is dis 
tinguishable from automatic capture detection Which is a 
procedure that occurs on a beat-by-beat basis. Automatic 
capture detection con?rms on a beat-by-beat basis that a 
delivered pace pulse results in an evoked response. When no 
evoked response is detected folloWing a pace pulse, the 
pacemaker may deliver a back up safety pulse to ensure 
consistent pacing. If a predetermined number of pace pulses 
delivered during normal pacing do not produce an evoked 
response, the pacemaker may initiate a capture threshold test 
as described above. The various procedures for implement 
ing automatic capture detection and/or back up pacing 
processes may be enhanced by the capture detection meth 
ods described herein. 

[0038] The embodiments of the present system illustrated 
herein are generally described as being implemented in an 
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implantable cardiac de?brillator (ICD) that may operate in 
numerous pacing modes knoWn in the art. Various types of 
single and multiple chamber implantable cardiac de?brilla 
tors are knoWn in the art and may implement a capture 
veri?cation methodology of the present invention. Further 
more, the systems and methods of the present invention may 
also be implemented a variety of cardiac rhythm manage 
ment systems, including single and multi chamber pacemak 
ers, resynchroniZers, and cardioverter/monitor systems, for 
example. 
[0039] Although the present system is described in con 
junction With an implantable cardiac de?brillator having a 
microprocessor-based architecture, it Will be understood that 
the implantable cardiac de?brillator (or other device) may be 
implemented in any logic-based integrated circuit architec 
ture, if desired. 

[0040] Referring noW to FIG. 1 of the draWings, there is 
shoWn one embodiment of a cardiac rhythm management 
system that includes an implantable cardiac de?brillator 100 
electrically and physically coupled to an intracardiac lead 
system 102. The intracardiac lead system 102 is implanted 
in a human body With portions of the intracardiac lead 
system 102 inserted into a heart 101. The intracardiac lead 
system 102 is used to detect and analyZe electrical cardiac 
signals produced by the heart 101 and to provide electrical 
energy to the heart 101 under certain predetermined condi 
tions to treat cardiac arrhythmias, including, for example, 
ventricular ?brillation of the heart 101. 

[0041] The intracardiac lead system 102 includes one or 
more pacing electrodes and one or more intracardiac 
de?brillation electrodes. In the particular embodiment 
shoWn in FIG. 1, the intracardiac lead system 102 includes 
a ventricular lead system 104 and an atrial lead system 106. 
The ventricular lead system 104 includes an SVC-coil 116, 
an RV-coil 114, and an RV-tip electrode 112. The RV-coil 
114, Which may alternatively be an RV-ring electrode, is 
spaced apart from the RV-tip electrode 112, Which is a 
pacing electrode. In one embodiment, the ventricular lead 
system 104 is con?gured as an integrated bipolar pace/shock 
lead. In another exemplary con?guration, one or more 
additional electrodes, e.g., a ring electrode, may be included 
in the ventricular lead system 104. The additional ring 
electrode and the RV-tip electrode 112 may be used for 
bipolar sensing of cardiac signals. The atrial lead system 106 
includes an A-tip electrode 152 and an A-ring electrode 154. 
In one embodiment, the atrial lead system 106 is con?gured 
as an atrial I lead. 

[0042] In this con?guration, the intracardiac lead system 
102 is positioned Within the heart 101, With portions of the 
atrial lead system 106 extending into the right atrium 120 
and portions of the ventricular lead system 104 extending 
into the right atrium 120 and right ventricle 118. In particu 
lar, the A-tip electrode 152 and A-ring electrode 154 are 
positioned at appropriate locations Within the right atrium 
120. The RV-tip electrode 112 and RV-coil 114 electrodes 
are positioned at appropriate locations Within the right 
ventricle 118. The SVC-coil 116 is positioned at an appro 
priate location Within the right atrium chamber 120 of the 
heart 101 or a major vein leading to the right atrium chamber 
120 of the heart 101. The RV-coil 114 and SVC-coil 116 
depicted in FIG. 1 are de?brillation electrodes. 

[0043] Additional pacing and de?brillation electrodes may 
also be included in the intracardiac lead system 102 to alloW 






















